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. nn Wc. HITACHI LTD., of J—^* 

0 Japanese Company, do b««by dccUre ibe 
inv^nuon. for uhich tvc P«y 'h" « PJ''^' 
mav be erantca to uj. ani the sncihod ey 
Sch it •» 10 be performed, to be pjrt.cu- 
U,ly d«c^ibed in by ibe foUov^u^g state- 

"^The"iici^ciit invenuon relates to a tneibod 
of manufacturing o scrniconduaor device. 
05crially a silicon gate MOS-typc sernicon- 
SSor device, and io ibc devices made by 

'''"in^'general. in a semiconductor device I«v- 
jne an insuhicd rstc. such as a MOS-field- 
cffe: transistor (MOSFET). there i$ a very 
thin SiO. (siUcon dioxide) film consumtxng 
an insulaiing i^rtion. For this reason, even 
Tn memcl - slight voltage generated jn rfje 
«,c is liable to cause (T.cleanc t>«?W°^ 
of the eaic. As a counter-measure, the cate 
h« been protected by orrang.ng a surface 
JJLwown^iode in parallel ^i.h the gate 
pr by employing a series »«t$tance. In a 

uses pilycn-stallinc siUcon for the gaie. Q 
Jimilar^JIeaiure °8"~« 
hitherto becfl taken. It has been ohown, how- 
ever, that the B»tc n«^<«'"*^"''^>^^lt 
tected by twch a tnethed. In detail, in 
Ih? manjfacure of the SI MfSreT.^n 
SiO . film on source and drain regions is 
tively etched using the Si ga«e os o nwsL 
When forming ih« Si gate, ps aUustraujl in 



and an unoeriying jij"* "'^'r^W 
subsequently etched. The .ff ' H-.^if 
therefore undergoes aide etching, cfl h the 
S that the^everlying 
Kr 4« p,T,jects ia tbe form of c W ro£ 
ot .hrJedphery «rf the gate SiO. lbSf«?; 
Under su^o Vnt rcoT* (sbo^ ot 4 b m the 
fieJrel it b difeculf sufRdently to form on 
SiO laJtr 8 by 0 CVD (chemical vapotir 
d^iSo^n procL employed in .the «uac«d- 
faiTstep of manufanure. Impurities ate olso 
pAnc to be concentrated bete. Furthermore. 



since the rent roof 4b has an acute angle at 
iu cxitcmiiy and the electric field concentra- 
don tends to be iitfreased at this nan, which 
is easily broken by a sUght exiertvsl shock or 
the Uke Theje drawbacks may lead to a short- 
circuit. It has been shown that, when o pent 
roof ij formed in the Si gate, dielectnc break- 
doMi is liable to occur at this part even at 
0 low uaie vohagt for the reasons stated 
above. The ©resent inventon «"^iecied 
0 number of completed Si gate MOSFETs 
to an experiment in ^yhich the Tested items 
whose gate withstand voltages were lower 
than 0 cenairv standard x-alue were rejected 
in a vohace screening test. When the test 
oieces were 200-bit shift registers, the defcc- 
Svc percentage was 4 to 5 -/. Such t«ting 
takes ume and lo>«:» the Tt\d because of 
»ejecu from the test itself, and besides, results 
in higher cost. , . v • 

According to the present mvenuon there is 
provided a method of tnanufactunng a wmi- 
conduaor device comprising the steps ol: 

(a) formine an insulating layer on a serri- 
conductor sjubsrrate of a first conducuvity 

forming a conductor or eemiconducior 
Jayer on a portion of said insulating layer; 

(c) etching said insulating laver adiacent at 
kast one edge poi^ion of laid conducior or 
(semiconductor lajtr in o <»anner sud. th^t 
the part of the insulaung layer underlying the 
said edge jwnion of the coodoaor jemi- 
conducior la)<er h etched to kave M»d ef ?« 
«»rtion projecting beyond th« ^ 
insulating layer remaining beneath the eoo- 
duaor or semiconductor layer; oijd 

(J) convening at least said proiecting ©or- 
tion of said conductor or cemiconduaor layer 
wh<»Uv into insulating material; 

Preferably said substrote 8S o oibctm ou&- 
ctrntc, said insulating layer is tnlicon dioxide, 
said conductor or licmiconductor teyer ss 
BolycrystaDine siUcon ond said step (tf) » ear- 
Wtd o«it by oxidiiing the surface of said poly- 
crystalline byer. ... • 

After step (rf) o further insuUting bj-cr 
may be formed on tbe structure pn>duced by 
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step (<0 Of^*! provided through 

the further bjtr at ihe dai^** 

PinicvUr embodimenti f the ftivcniion 
^11 now be dacribcd by wjy ci csarriplc 
3 with ttfercnce to ibc occompanytng drawings 

■ ^F^'^UO ond Kb) Ulostniie the Rlcvaot 
. poniori of on MOS wwtrvnion wcojary »or 
Hplawtion of ihc bisis of the prettnt invcn- 
10 Jn. Fig. l(-) being a verucnl ""'O"', J**^ 
of ihe ^rxion in the ote of ~""^»«%f/ 
the known n^cthod detcnbed obo«, tyhDe Fig. 
1(6) is a vertical sectional view of ihf P^ruon 
in the ctse of tnsnufaeture by o Bcihod with- 
15 in the prtsent invention; ... 

Fits 2(0 to 2(«) ore senional v.cti-s ishow- 
ing various steps of manufacture in on cm- 
bciJitnent of the present invention; }^ 
Fits 3 to 5 ore graphs eipUjrung rfJeas 
20 obtijn»bIe with the present ^'8- J 

illottr^iing the relationship between V.. a«l 
he oxida.ion time of the po'vayst. hoc S. 
hytr. and Fig. 4 illusiraung the fe^i'on'^'P 
beV«en V.. and the thickness of the oxide 
25 Uyer formed on the polyayjtanine Si Uvcr 
ond FiR. 5 illustraiing the "IfUo^^^'P ««: 
rweei. the deaease of V.. ond tl.e umt taken 

"iS oJ'^e'SSphs the OKidation condUions 
30 Riven ore for the oxidation of «he Po'yOT^e* 
Ine Si laj-er to form the Uyer 7, tvhile he 
figure givCT for Toz is cbe thickness of the 

^•U^^ng^rntlJ'to Fig,. 2(.) to 2(,). these 
35 show manufacturing stew in o "« i 
the twihod of the invention is applied to o V- 
S,n^l Si gate MOSFET. The various ^ep, 
ore as follows:— ^ \ 

Fig. 2(8) An n-typc oihcon } 
40 hjving 0 oprofic resistance »o.5-7*"^ " 
prepared, h is heated In on oiudiiing otnno- 
Kh"c ot opproKima.ely UOO;C «o/orm a 
first ihemal onidation film or layer 2 in the 
surface of the aubstr^te to o 'h';^*^" 
43 14 000 A. Subsequently, that pan of U>e 
hem«l OKidatioTfilm 2 ^ich correspond, 
10 0 »nofC«. 0 drain ond o gate recion to be 
foritxed in j«nwed by a photoetcbmg nech- 

50 '"fe 2(b) Oaidation is again carried out hi 
^ on ezidiiing otmospbere ot 8pprojtim..e y 

IJOO'C 10 Jorm o second theirnal oi do- 
ion film or lover 3 of ^^'>^-^^^'^±, 

ness on the wbstrote cuifoce esposed by 8 ep 
35 Trl m. oecond thermal osidation 

film 3 ia u«d wbsequently d, o gate iiuulaj- 

ine film 3«. Becotne the thrcthoM wlioge 

in the otep of Fig. 2(<) d€«tibe<! below. «he 
60 hicknes, f the Mcond thermal os,i^«^nfi»«n 
i, chosen 00 os to be greater by 2SO--3O0 A 
Uian It U8uany uould have been. Selection 
of Rrcater thickness in this manner. howe«r. 
h not olwoys nctOTary. Where « is d«ircd 
33 iui«bly X tower V.^ the thickne« ot the 



oxide film, the oxidizing otmosphcre, the 
cxidation temperature ond/or the oxidauon 
time may be appropriaiely vsned. 

Fig. i(f) Ut"^ 0 process. Si pro- 
duced by thermally decotnpoJing SiH, (mot^ 7U 
JifonO o't obout 600-C i, deposited on the 

enure surface of «K ^^^^Vus 
ihickncis of opproiimately 5,000 A. Thus, 
c: liuer 4 it fonsed. 



a polycrystalJine Si layer 4 is fonned. 

hill-) The polycrystalUije Si layer 4 and 75 
the «rond thermal oxidauon film 3 are 
stlenivcly removed by photoctching to pro- 
vide aindoN^-s for forming source and drain 
regions on opposite sides of the remaimng 
i?nion, of bye« 3 and 4. Boron, for example, W 
K subsequently diffused as or. acceptor, there- 
by to form source repion 5 and 
6%7hich ore p-typc diffused layers (8^000 A 
thick). In this step on Si gate elearode 4a 
Ude from the polycTstalline Si Uyer 4 is 85 
formed 01 the same ume and an overhanp- 
ing proiection in the form of o rent tool 
Ab n created ai each peripheral edge pan of 
the Si gate electrode 4fl because of side etch-- 
ing during the etching of the second thermal 90 
oxidation film 3. j • 

Fic 2(r) Tliermal oxidation of the surlace 
of the Si gate 4j (the third thermal oxida- 
Uon) is carried out in an oxidiung onnospbere 
at opproximately 940-C Here, the tbermol 95 
exiditicn is performed, so that, os tUustraied 
cn 0 brger «ale in Fig. 1(b). the matena I 

of the Si layer » «>n«L"l "'°f 
oxidation film or Ujy 7 which is of sufficient 
ilepih to extend ot least to the layer 3fl. In 100 
other words, the projenion or 
is whc-lly oxidized. Since, os stated obove, 
the oxidation is conduoed at the comparo- 
ively low temperanire of 940»C the ox.dii- 
ing ueatmcnt korcely r« "-Jl^ 
«on nf the source region 3 and the dr^m 
region 6. ond the threshold voltage V,. t$ not 
ni'ich reduced. As pr^iooiW «?Pl3''>«<l. 
reduction is coneaed for beforehand by con- 
trolling the thickness of the gate oxide film. 110 
Oxide films 7 ore olso forn«d «n the surfoces 
of the source 5 ond drain 6 donng the third 
thermal oxidotion ticormsm. 

Fir. 2(/) Using a CVD proce« SiO, pro- 

duced by low-temperature oxidauon ol iiH, 
ot about 450^C is deposited over »h.e entire 
surface. Thus. 0 covering CVD oxide film 
8 ooproxitnaiely 8.000 A thick is fortned. 

Fig. 2(«) Using Ph«"«'*''?8<..**!l'f^ 
hole, for the oouree region 5, ^ nun region 120 
« and the gate 4« (the contaci ho»« wrthe 
ROic i% not shown) ore formed m w« CvD 
eside film 8. Aluminium is m»mcd onto 
the entift tiorfoce, ond wjonS* 5 of o pi«- 
drtermincd pattern ore formed by phot*- 225 

*'*wrti the meth i of coaMnnnion described 
ohn-.'c. the following effects and results ore 

TThe pent rcof 4 b of the polycrystalline 130 
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Si by<r u wholly oxidized at sicp (0. Thc.^«- 
for? even in o 4« obcre ihc ^^^^Pf 
■ of ibc oxide film 8 fonncd by the CVD 
p oil i* pr«Juc.d in on imperfect <na« 
5 S^? the n>of. or .vberc iirpunoo ore 

S^iratcTon that x«n. ^^.^K 
that the Rate voh.gf « nppbed <l"«tly to 
S pirn Lf. Consequently the P« pon.^^ 
doe» not become the reason for ifie «l»clcanc 
10 bK kSown from this cause. Mo«ov«. Ae 
»»ircmitv o( the gate portion 4« l.e. the elec- 
triSry wnductivf pa^in the fin^ product 

field concentration does not tend «<> ^f"/' 
15 Even if the extremity o( the f « portion^^^^ 
i, btokefl doe to any extenul force, dulec- 
uic breakdown ii unUWy to onse owing to 
ibe presence of the oxide film. 
(2^ For the reasons set out in the ptecedmg 

20 pa agraph (1) the g';^/?'™"^^",*'!^^^; 
ond Ihe percentage of devices found if <^>y^ 
in the volute screening process can be 

thought below 0.1%; 

necessity for performing ihc^oltage scree^ 
25 Tng process may be eliminated, and « on be 
omitted. 

(3) The polycTTStalline Si layer of the Mte 
.Ic«;od?4ris'«inounded bythema^ extda- 
lion films of fine stn.«urc. T?>exrfore. when 
30 compared with the construction. a$ »n the 
prSft art. in ^ch only the c^«J^y 
Dorous SiO. produced by the CVD process 
Ks« around the polycivstalline S.. the con- 
smjciion of the present dex icc can remarkably 

35 ?oc 'S.e rUk 5 generation of a sbor.-cjtojH 
between a polycrystalline Si wiring (namely, 
oS s^ wiring wnSuous to the pte) and the 
Al lirTng firmed ov« the gate through the 
CVD oxide film 8. 

40 (4) As illustrated in Figs. 3 to 5 by tesH 
on various embodiments, it ts ?PP!'^' 
as the depth of the surface oxidation of the 
t^nt roof ponion of the P?»y.cty»«>l^n« 
bver of the cate electrode u wcreased, the 

45 &oldvoItf8eV..5sbwered.pecban|« 

ST vary i">«P««if"« •S.ji%tliSS 
lime of the po ycrystalhnc Si layer, the thicR- 

nS! o be 8a«ro5de film U U. the «cond 
Jx^aUon la^er, the .tate ^Tctiw- 

50 and the oxidation temperature for we ooly- 
mstalUne Si layer. V.. san be controlled to o 
dSJed value by'^appropria.dy XirK^hJ 
comtolUng the condition,. As shown by the 
curves in Figs. 3 lo 5. o ^-f^^Jj^l 

35 stnictur* of the. depletion ta^ ^'h J 
desired characterisUc cnn be 
Kkcting the thickness ef the oxide film or 

. Se knph of the ottidaUon pencd ot on 

eo °^Kfreg:?5r-bodimc«t ctjn, ^tlj J.e 
scope of the pit«nt invention be voncd. for 
CTample. in the foUowing wiys. 

(1) For the gate electrode, there may ^ 
employed another oubstonce which can W 



converged into an insuUior by oxidauon such 63 
oj molybdenum or tungsten. 

(2) fct the gate insubting poruon, silicon 
ni.ridi (Si.N,) or o oul«i-«»y«r filtn of. for 
example, a Uminauon of SiO, and Si,N. 
can be used in ©lace oJ 5:0,. . . 

(3) TTic M05 consiruoion can be oiuer 
ihan that of the MOSFET. 

The procnt invention a appbcabic to any 
ecmiconduaor device having on .msubted 
Rate, the roanufaaure of the doicc including 75 
ihe 8tep of etching on insuUunp ponion by 
employinff n conduaor portion as o uasX 
That »$, it is applicable to all sons of MOS 

structures of ^l^'^^S^' ^'^^"^ r, gg 
example, to SI gate MOSFETs. AI 80 
MOSFETc oi>d MOS 1C« including them 
OS constituent elements. 

As described above, it ts possible by the 
method within the present mrcnuon to 
diminish the raie of dtstruaion of gates in 85 
Soinductor de>ic« of the MOS construc- 
tion belonging bmadly to MIS "nstrucuon; 
the defective propotuon of semiconduaor 
produas of the MIS conitrucuon Jo t- 
oge screening can be reduced for example. 90 
below O.r/o i^t 200-bit shift registers, finally 
rendering the voltage srreening test un- 
necessary; o gaie electrode os weU os an 
Tnt^n^tion layer made, of r«lycrystaUi« 
silicon and an interconnection Uv« made o^ 95 
aluminium in o siUcon gate MOSFET can 
be proieaed from short<ircuits between 
ihcm; ond the conditions of oxidation of the 
"pent roof of a sibcon gate in a siLcon gate 
MOSFET may be varied in order to adjust iw 
,he threshold voltage V., of the device to a 
desired value. 



WHAT WE CLAIM IS:— 

J. A method of manufacturing a semicon- 
ducior device comprising the step* of; . 

(e) forming an insulating layer on o semi- 
conductor (substrate ef o first cooducuvity 

forming o conduaor or eemicondoctor 
la?«r on o portion of said insulating layer; 110 

<e) etchinR said insulating lajrcr odiscent ot 
Beast one edge portion of aaid conductor or 
Kroiconduaor layer in o manner such that 
the pan cf the insulating byer underlying the 
oaid edge portion of the conductor or «nu- US 
condoCTOf layer is etched to kax-e said edK 
portion projecting beyond the pan of sa.d 
insulating layer remaininK beneath the con- 
duaor or oemiconducior layer; oivd 

(ifl convening ot kost said proiectingpor- i^w 

tton of oaid conductor or eemiconductor layer 
^lly into insulating material. , . , . 

2. A Bwthod according to claim 1 includ- 
ing prior to step (rf) the step of 

(e) introducing impunties of o second eon- i« 
ductivity type into o region ef said subsinte 
n 8t feast one side of the stnictut? eon- 
ou'tuted by the conductor r cemiconductor 
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livtf and ibc "id rtommng pomon of the 
ifTuuS^g lay" to form o s«ucondoaor 

3 The iiKthod according to da.ra 1 r 
cUim 2 fonhcr including the steps of (p 
uZng hr^i^zt imuUiing Uycr »vcnng 
.hr«n)cwre mulling from step (Jy, and 
■ ; prov ding ^viring coni>ct bytn through 
Sd fSrxher^nsula.ing layer « preselected 

^"'■Tr^S'acco.tiing .o ckim 2 further 

includinnhe (fi I'^I^Ju 

i^uUting layer covering the 8m.CTurt rculi- 

ing from step (<0; anf.^ de«rode Uycn 

(e'i providing wnng eievin»«; 
O,rooeh laid further insuUUng Uyer at ptt- 
?c c^-ncd portion, thetrof to contact 
„nd^,or oisemiconduaor kyer and said 
temiconductor region. , 
5 A method nccording to any one of 
claims 1 ^ 4 wherein said corjductor Ujxr 
h oT poiycrysialline siUcon. oolybdenum or 

"a 'method according to any one of 
clatm, 1 ^ 5 wherein »id insuUung layer 
J 5 siLcon dioiide. silicon nitrKle. or u a 
Sulti-iyer bminated film of silicon diosude 
ond silicon nitride 



7 A method according to any one of the 
pr«edinrcl^i~ ^b^rein saJd subs..;a.e u a 

J oxidising Mcp (r) b amed out at a tcm- 
Bcraturr cf about WO'C • , , , „ . 
^ A method according '? 

:«L".MSiron^^^^^^^ 

^'lfT2;2coSd^or device wbs.antiaUy as 
nni KertlTdcscribed v.ith rcfertoct to and 
^'shoS in Fg. 2g of the accompanying 

dr^wii^^- 

MEWBURN ELUS & CO.. 
Chartered Potent Agents, 
70/72 Chancery Laoe, 
London, W.C2., 
Agents for the Applicana. 
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